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Background: We evaluated the in-hospital and long-term effects of surgical grafting
of a dominant graftable right coronary artery tributary of an infarcted nonischemic
territory in patients with triple-vessel disease who were undergoing coronary artery
bypass grafting.
Methods: Of 303 consecutive patients undergoing coronary artery bypass grafting
with 3-vessel coronary disease and a dominant right coronary artery tributary of an
infarcted nonischemic territory, 154 were randomized to right coronary artery
revascularization and 149 to no right coronary artery grafting. In all cases, standard
on-pump surgical myocardial revascularization was performed.
Results: Overall hospital mortality was 2 of 154 versus 1 of 149 (P  .97); no
difference in in-hospital outcome was observed between the 2 groups. At follow-up,
cardiac event–free survival was 84 of 152 in the right coronary artery grafting series
and 62 of 148 in the non–right coronary artery grafting group (P  .20). However,
when the analysis was limited to surviving patients without new scintigraphic
evidence of ischemia (to avoid confounding factors derived from ischemia in the left
coronary system or right coronary artery graft malfunction), we found that patients
who received a right coronary artery graft had fewer cardiac events, a lower
incidence of arrhythmia, and less left ventricular dilatation than did the non–right
coronary artery revascularized series.
Conclusions: Surgical grafting of a right coronary artery tributary of an infarcted
nonischemic territory in patients with 3-vessel coronary artery disease submitted to
coronary artery bypass grafting improved late electric stability, ventricular geome-
try, and event-free survival but did not affect in-hospital or 10-year survival.
Revascularization of all diseased vessels has traditionally been con-sidered the gold standard during coronary artery bypass graftingprocedures (CABG), and several studies have documented thebenefits of this type of revascularization strategy in terms of sur-vival and quality of life.1,2However, most of these investigations were performed in an
early era of coronary surgery, when preoperative determination of the functional
status of the myocardium was rarely performed. In more recent years, the wide
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diffusion and availability of new imaging techniques led to
the possibility of functionally evaluating the myocardium
and suggested the possibility of a revascularization strategy
limited to ischemic areas.
This prospective, randomized investigation was con-
ceived to establish the effect of surgical revascularization of
an infarcted nonischemic territory. To maximize homoge-
neity and to reduce confounding factors, we decided to
isolate only the right coronary artery (RCA) as a study
variable and, then, to evaluate the in-hospital and long-term
effects of the surgical grafting of a dominant graftable RCA
tributary of an infarcted nonischemic territory in patients
with triple-vessel disease who were undergoing CABG.
Patients and Methods
Patient Population
This investigation received local institutional review board ap-
proval, and each patient gave informed consent to participate in the
protocol. All patient data were prospectively collected and stored
in a computerized database.
The population of the study included all patients who under-
went CABG by the same surgeon at our institution from January
1990 to December 1994 and who fulfilled the following inclusion
criteria at the time of operation:
1. Primary elective isolated CABG.
2. Angiographic evidence of triple-vessel coronary artery dis-
ease with a diseased dominant graftable RCA.
3. Previous transmural inferior myocardial infarction with a Q
wave on the inferior leads of a surface electrocardiogram.
4. Echocardiographic evidence of inferior akinesia or dyskine-
sia.
5. Absence of inducible ischemia in the RCA territory during
preoperative thallium 201 stress myocardial scintigraphy.
Scintigraphic data were analyzed according to a described
methodology.3
Patients were then randomly assigned by the operating surgeon
to receive or not receive surgical revascularization of the RCA or
one of its branches, according to a computer-generated sequence.
Overall, 303 of the 2506 coronary cases operated on during the
study period were included: 154 were assigned to RCA revascu-
larization, whereas 149 were assigned to no RCA grafting (Figure
1).
The main features of the patients are summarized in Table 1; no
significant differences in terms of preoperative or intraoperative
characteristics were found between the 2 groups, although patients
in whom the RCA was not revascularized had shorter cardiopul-
monary bypass and crossclamp times and, obviously, fewer grafts
per patient. Complete revascularization of the left coronary system
was considered mandatory and was achieved in all patients.
Surgical Technique
Surgical revascularization was performed by following a standard-
ized method with median sternotomy, cardiopulmonary bypass,
and cardioplegic arrest. No major change in intraoperative or
postoperative protocols was introduced during the study period.
The left internal thoracic artery was used for the left anterior
descending artery, and complementary venous or radial artery
grafts were used for non–left anterior descending artery target
vessels.
Follow-up
Each patient was followed up regularly at our institution 6 months
after surgery and every year thereafter. At each time interval,
clinical examination was performed, and the results of surface
electrocardiography, stress thallium 201 myocardial scintigraphy,
24-hour Holter monitoring, and transthoracic echocardiography
were carefully reviewed. Angiographic follow-up was proposed to
the patients in case of scintigraphic evidence of inducible isch-
emia.
For the purposes of this study, all patients were telephoned and
were resubmitted to clinical examination; all examinations were
reviewed at the time of the follow-up. In case of death, all avail-
able clinical data were collected and reviewed by the authors to
establish the cause of the fatality. Death was considered cardiac in
Figure 1. Trial profile.
TABLE 1. Preoperative and Intraoperative characteristics
of the patients of the 2 groups
Variable
RCA grafting
(n  154)
Non–RCA
grafting
(n  149) P value
Age (y) 63 6 62 8 .21
Men 91 83 .83
Smokers 64 59 .90
Hypercholesterolemia 49 52 .77
Hypertension 87 85 .96
Diabetes 33 28 .74
Bypass conduits
LITA  GSV (s) and/or LRA 143 140 .98
GSV (s) 11 9 .89
Mean LVEF 51 11 53 10 .10
Bypass/patient 3.1 0.9 2.2 0.7 .001
CPB time (min) 76 15 61 19 .0001
Aortic clamp time (min) 71 12 57 15 .0001
LITA, Left internal thoracic artery; RCA, right coronary artery; GSV, great
saphenous vein; LRA, left radial artery; LVEF, left ventricular ejection
fraction; CPB, cardiopulmonary bypass.
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origin when it was preceded by objective evidence of myocardial
ischemia or arrhythmia and was considered noncardiac when a
clear systemic or accidental cause of death was evident. Follow-up
was 100% complete (300/300 surviving patients), and mean fol-
low-up time was 119  7 months.
End Point Definitions
Primary end points were death, cardiac death, and event-free
survival (included as events: death, cardiac death, clinical angina
recurrence, and new scintigraphic evidence of ischemia).
Secondary end points (to be evaluated only in surviving pa-
tients without new scintigraphic evidence of ischemia during the
follow-up) were rehospitalization for heart failure, clinically evi-
dent ventricular arrhythmia, perioperative modification of left ven-
tricular dimensions and ejection fraction, and development of new
mitral insufficiency greater than or equal to grade 1.
Statistical Analysis
Data are expressed as mean  SD. Statistical analysis comparing
2 groups was performed with unpaired 2-tailed t testing for the
means or with the 2 test for categorical variables.
To avoid bias related to RCA graft malfunction in the RCA
revascularization group and in an attempt to isolate the effect of
RCA revascularization alone and minimize confounding factors
related to ischemia in the left coronary system, we performed a
separate comparison of follow-up data with the exclusion of all
patients in whom new scintigraphic evidence of ischemia devel-
oped during the follow-up period. Analysis was conducted by the
software Statistica for Windows 4.1 (StatSoft Inc, Tulsa, Okla).
Results
In-Hospital Results
Mortality and morbidity data are summarized in Table 2.
Three patients died in the hospital: 2 from the RCA grafting
group and 1 in the non–RCA grafting series (P  .97).
Causes of postoperative death were stroke and myocardial
infarction in the RCA grafting series and respiratory insuf-
ficiency in the non–RCA grafting group. Five patients (3 in
the RCA revascularized group and 2 who did not receive
RCA grafting) had a postoperative myocardial infarction,
and 2 (1 for each group) had perioperative stroke. No
significant difference in mortality or morbidity was found
between patients of the 2 groups, and, similarly, the mean
stays in the intensive care unit and in the hospital after
surgery were comparable in the 2 series.
Follow-up Data
During the follow-up period, 58 patients died (31 from the
RCA grafting and 27 from the non–RCA grafting series; P
 .80; Figure 2). The cause of death was cardiac in 29 cases
(16 in the RCA grafting vs 13 in the non–RCA grafting
group; P  .78) and noncardiac in 25. In the remaining 4
cases, the cause of death could not be established with
certainty because of the incompleteness of the available
documentation.
New scintigraphic evidence of ischemia was found in 50
cases (27 in the RCA grafting vs 23 in the non–RCA
grafting group; P  .77). Thirty-four of these patients (19
RCA grafting and 15 non–RCA grafting series) agreed to
undergo follow-up coronary angiography at a mean interval
of 64  19 months from operation. The results of these
postoperative angiograms are reported in Table 3. In 23
cases (14 from the RCA grafting series), graft malfunction
was the cause of ischemia, whereas in the remaining 11 (5
from the RCA grafting series), progression of coronary
disease was responsible for ischemia recurrence.
Overall, cardiac event–free survival at a mean follow-up
of 119 7 months was 84 of 152 in the RCA grafting series
and 62 of 148 in the non–RCA grafting group (P  .20).
However, when the analysis was limited to surviving pa-
tients without new scintigraphic evidence of ischemia dur-
ing the follow-up (94 in the RCA revascularization series
and 98 in the non–RCA grafting group), it became apparent
that patients who received an RCA graft at the time of
operation had fewer cardiac events (in particular, rehospi-
talization for heart failure) and a lower incidence of arrhyth-
mia compared with the non–RCA revascularization series
(Table 4).
Moreover, echocardiographic follow-up demonstrated
that patients in whom the RCA was left untouched at the
time of CABG had larger postoperative ventricular volumes
and were more likely to experience development of new
mitral regurgitation greater than or equal to grade 1 (Table
4).
Discussion
Since the early days of coronary artery surgery, grafting of
all diseased vessels has been considered necessary.1,2 How-
ever, the successive possibility of obtaining an exact pre-
operative determination of the functional status of the myo-
cardium suggested the possibility of revascularizing only
those vessels in the distribution of ischemic areas, leaving
untouched the coronary vessels that served infarcted non-
ischemic territories.
TABLE 2. In-hospital outcome of the patients of the 2
groups
Variable
RCA grafting
(n  154)
Non–RCA
grafting
(n  149) P value
Death 2 1 .97
Myocardial infarction 3 2 .96
Stroke 1 1 .49
Postoperative need for dialysis 1 0 .98
Mechanical ventilation 24 h 11 13 .79
Revision for bleeding 3 3 .71
Mean intensive care stay (h) 26.2  5.6 27.1  4.8 .13
Mean in-hospital stay (d) 5.0  1.2 5.2  0.8 .61
RCA, Right coronary artery.
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Although some interventional cardiologist groups re-
ported good results, doubts about the efficacy of this limited
revascularization policy have been elicited by several au-
thors, and the results of this strategy applied to surgical
revascularization procedures were never investigated in de-
tail.4-7 Our study was designed with the aim of establishing
the immediate and long-term effects of surgical grafting of
a vessel tributary of an infarcted nonischemic (scarred)
myocardial territory.
Because the heterogeneity of patients with coronary ar-
tery disease submitted to CABG renders extremely difficult
the task of avoiding confounding factors in the elaboration
of a comparison between different treatments, every effort
was made to minimize potential bias. First, a prospective
randomized design was judged necessary. Moreover, the
operating surgeon and the surgical technique were always
the same to avoid a technical influence on postoperative
results. Similarly, to maximize the homogeneity of the study
population, we isolated only the RCA as a study variable.
Moreover, to eliminate the potential confounding factors
related to ischemia in the left coronary system or RCA graft
malfunction among RCA-revascularized patients, we added
to the analysis of the results of the overall population a
separate analysis of the follow-up data with the exclusion of
all patients in whom new scintigraphic evidence of ischemia
developed during the years after surgery.
Figure 2. Postoperative survival in the 2 groups of patients.
TABLE 3. Results of postoperative angiograms
Variable
RCA grafting
(n  19)
Non–RCA
grafting
(n  15)
Graft malfunction 14 9
LITA/LAD 2 3
GSV/OM 8 4
GSV/D1 2 2
GSV/AL 2 0
Coronary artery disease progression 5 6
LAD 4 2
CX 0 4
RCA 1 0
LITA, Left internal thoracic artery; RCA, right coronary artery; LAD, left
anterior descending artery; GSV, great saphenous vein; OM, obtuse mar-
ginal branch; D1, first diagonal branch; AL, anterolateral branch CX,
circumflex artery.
TABLE 4. Long-term outcome of the surviving patients of
the 2 groups without new scintigraphic evidence of isch-
emia during the follow-up
Variable
RCA grafting
(n  94)
Non–RCA
grafting
(n  98) P value
Rehospitalization for heart failure 4 15 .03
Clinically evident ventricular
arrhythmia* 6 21 .01
Echocardiography data
LVEF
Preoperative 51 11 53 10 .10
Follow-up 58 9 54 6 .0001
EDVI (mL/m2)
Preoperative 73 12 72 11 .45
Follow-up 71 9 83 12 .0001
ESVI (mL/m2)
Preoperative 38 11 37 9 .39
Follow-up 36 8 41 11 .0001
New mitral insufficiency 1 5 17 .03
EDVI, End-diastolic volume index; ESVI, end-systolic volume index; LVEF,
left ventricular ejection fraction; RCA, right coronary artery.
*Defined as symptomatic ventricular arrhythmia necessitating medical
treatment.
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Using this method, we found that RCA-revascularized
and non–RCA-revascularized patients had similar postop-
erative outcomes and did not significantly differ in crude
survival in the 10 years after surgery. However, RCA-
revascularized patients exhibited a trend toward better long-
term cardiac event–free survival (84/152 vs 62/148); be-
cause statistical significance could have been limited by the
sample size in our series, it is possible that future larger
multi-institutional studies could more clearly demonstrate
significant clinical benefits related to RCA grafting. More-
over, RCA revascularization was associated with increased
electrophysiological stability and less left ventricular dila-
tation, as evidenced by the higher incidence of arrhythmia,
cardiac events, and heart failure, larger left ventricular vol-
umes, and higher incidence of new mitral regurgitation in
the series of patients in whom the RCA was left ungrafted
(Table 3).
Clinical and experimental studies have suggested that the
benefits of reperfusion of an infarct-related artery extend
beyond the simple salvage of ischemic myocardium and
favorably affect left ventricular remodeling and electrical
stability independently from the functional status of the
infarcted myocardium (the open artery hypothesis).8-13 Our
observations are in accordance with those data and seem to
establish the superiority of anatomically complete versus
functionally adequate revascularization for patients with
triple-vessel disease submitted to CABG (at least in regard
to the RCA).
These findings are of particular relevance at a time when
the growing diffusion of minimally invasive techniques and
beating-heart surgery has led to an increasing acceptance by
the surgical community of a revascularization strategy lim-
ited to ischemic myocardial areas.14 Although we have no
information on the effect of revascularization of left coro-
nary system branches feeding into a scar territory, the larger
amount of myocardium supplied by the left coronary system
should theoretically render the advantages observed for the
RCA even more evident.
While waiting for objective verification of this hypothe-
sis, we can conclude that surgical grafting of an RCA
tributary of an infarcted nonischemic territory in patients
with 3-vessel disease submitted to CABG improves late
electric stability and ventricular remodeling and reduces
rehospitalization for cardiac events, although it does not
affect in-hospital or 10-year survival. Surgical grafting of a
diseased RCA should, then, always be attempted, indepen-
dently from the functional status of the myocardium sup-
plied by the artery.
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